Introduction
Increasingly, elders are maintaining their teeth throughout their lifetime. Good daily oral hygiene, regular professional dental care, the ability to afford oral health care and exposure to fluoride are significant contributing factors to this trend. It is imperative that this investment be protected if elders expect to preserve their dentition. However, there are numerous challenges that elders face due to medical, physical and cognitive impairments. Oral hygiene practice is reduced following a decline in manual dexterity and inability to recall tasks of daily living. Salivary flow is reduced with an increase in medication intake secondary to medical conditions. A lifetime of periodontal insult results in bone loss and root exposure which more quickly succumbs to decay compared with enamel. Excessive sugar consumption, particularly in protein supplements, dry-mouth lozenges and sugar-rich food, further increases the compromised elder's risk to tooth decay 1 . Elders often have reduced funds and may lack dental insurance to cover the cost of routine preventive as well as restorative oral health care 2 . Access to oral health services can also decline due to lack of transportation and the loss of independence secondary to physical and cognitive impairments.
The most common oral health problems experienced by elders are tooth loss, dental caries and periodontal disease. Between 1988 Between -1994 Between and 1999 Between -2004 , the oral health status for U.S. seniors improved, as edentulism and periodontal disease declined 3 . Mean periodontal recession, pocket depth and attachment loss declined across all major demographic subgroups of seniors indicating improved periodontal health in seniors. The prevalence of root caries in seniors decreased; however, the prevalence of coronal caries did not change. NHANES 1999-2004 data demonstrate that among adults younger than 64 years of age, the prevalence of decayed and filled tooth surfaces (DFS) was 19 surfaces, while in persons over the age of 65, the DFS prevalence was nearly 30 surfaces 3 . A systematic review of studies of coronal caries in older adults aged 60+ years revealed a caries rate of one new carious surface per person per year, which is equal to or higher than the rate in children 4 . Also, when compared to schoolchildren, the number of untreated decayed surfaces found in elders is greater 4 . Dental caries is an important oral health care issue that is not adequately prevented in elders and is becoming an ever-growing challenge as the number of elders maintaining their teeth increases.
A contributing factor to the challenge of reducing dental caries and the large DFS in elders is the surgical approach of dental practitioners in treating dental caries rather than prevention or pharmacotherapeutics. Historically, oral health care prevention has consisted of oral hygiene instruction (tooth brushing, flossing) and dietary modification. There is a need for low-cost, effective preventive interventions to retain natural teeth of elders especially when traditional methods are no longer adequate. Adjunct therapies have been utilised and evaluated in many studies with children. However, data on the impact of these therapies in elders are limited. The Centers for Disease Control and Prevention's 2001 Recommendations for Using Fluoride to Prevent and Control Dental Caries in the United States stated, 'Few studies evaluating the effectiveness of fluoride toothpaste, gel, rinse, and varnish among adult populations are available', and recommended research focus on the impact of different fluoride regimens on dental caries, specifically in adults aged 50+ 5 . The purpose of this article is to evaluate evidence-based interventions for dentate elders, specifically the adjunct therapies of fluoride, chlorhexidine, xylitol, casein phosphopeptideamorphous calcium phosphate, ozone and herbal liquorice.
Fluoride
The dental caries prevention mechanisms of fluoride include inhibition of bacterial metabolism of fermentable carbohydrates, inhibition of demineralisation of tooth structure and remineralisation of fluoride into tooth structure 6 . Studies on fluoride vary significantly by design. These sources of variation include concentration of fluorides, modes of delivery of fluoride (including water fluoridation, toothpaste, rinses, gels, foams and varnish) and types of administration (self-vs. professional application).
A systematic review examining the effectiveness of fluoride in preventing dental caries in adults found fluoride (self-and professionally applied or water fluoridation) annually averted 0.29 carious coronal and 0.22 carious root surfaces 7 and concluded fluoride is effective among all adults supporting the development and implementation of fluoride programmes. However, the type of fluoride used in a programme influences the impact on dental caries reduction in elders 8 . Higher concentrations of fluoride toothpaste (5000 ppm of fluoride) and fluoride varnish (22 600 ppm of fluoride) have been shown to reverse and remineralise root caries significantly better than conventional toothpaste (1100 ppm and 14 500 ppm of fluoride) in adults, frail home-bound elders and elderly disabled nursing home residents [9] [10] [11] . A systematic review of seventeen studies evaluated the effectiveness of professional and/or self-applied fluoride in the prevention or remineralisation of dental caries in moderate-and high-risk adults. All the studies demonstrated that the use of supplemental and professionally applied fluoride (NaF mouthrinses/1.1% NaF paste or gel/Fluoride varnish) in moderate and high dental caries risk adults is effective in preventing and/or remineralising dental caries 12 . A daily 0.2% NaF mouthrinse has been shown to reduce the incidence of dental caries among institutionalised elders 13 . Fluoride in combination with other modalities and therapies has been studied. Glass-ionomer restoratives containing fluoride have been suggested to inhibit secondary dental caries; however, a review of the evidence did not find support for this claim 14 . Daily intake of milk supplemented with 5 ppm fluoride may reverse primary root caries lesions 15 . The focus of dental caries management by risk assessment is the framework for the development of dental caries management programmes 16 . Therapeutic management of dental caries is accomplished by reducing risk through the use of anticaries therapies that reduce pathological factors (antimicrobial therapies) and enhance protective factors (fluoride application). Interventions that have demonstrated similar effectiveness in reduction of root caries in elders include 1 twicedaily use of 5000 ppm fluoride toothpaste 2 , monthly application of 22 600 ppm fluoride varnish 3 , quarterly application of 1% chlorhexidine varnish 4 , quarterly application of 5% NaF varnish and 5 annual application of 38% silver diamine fluoride (SDF) solution 10, 17, 18 .
Chlorhexidine
Chlorhexidine is an agent known for reducing levels of bacteria including mutans streptococci 19 as well for demonstrating antiplaque and antigingivitis properties 20 . Although reduction in the numbers of bacteria and improvement in periodontal conditions is well documented, the impact of chlorhexidine in the reduction in dental caries has not been established 21 . A systematic review of 22 studies from 1995 to 2003 found the evidence for chlorhexidine arresting root caries in dry-mouth patients and frail elderly subjects inconclusive calling for more well-designed studies 20 . This review also suggested that antimicrobial therapy may act differently for carious lesions located in different tooth surfaces (enamel/dentin/root). The effectiveness of chlorhexidine has been evaluated as a 0.12% mouthrinse as well as a varnish in multiple concentrations. The Trial to Enhance Elderly Teeth Health (TEETH) evaluating the impact of regular 0.12% chlorhexidine rinsing failed to identify a significant effect on incident dental caries experience on either coronal or root structure 22 . A systematic review evaluating the impact of chlorhexidine varnish (1%, 10%, 40%) on root caries concluded that weak evidence exists to suggest chlorhexidine varnish may be beneficial in elders and persons with xerostomia where regular professional tooth cleaning and oral hygiene instructions are lacking 23 . When evaluating the effectiveness of weekly application of 10% chlorhexidine varnish to reduce incidence of dental caries in adults with reduced salivary flow secondary to medication intake, the impact varied by tooth surface. The reduction in root caries was 41%, while the total dental caries reduction was only 25%, suggesting that the impact of chlorhexidine may depend on tooth surface 19 . The Prevention of Adult Caries Study of high-risk adults found that 10% chlorhexidine diacetate varnish did not prevent the development of new coronal caries 24 . The conclusions from the current findings suggest that future studies of chlorhexidine varnish focus on prevention of root caries in high-risk populations. In addition, the inability of systematic reviews of studies with chlorhexidine to establish definitive conclusions stresses the necessity of improved study design with well-designed multicentre trials.
Xylitol
Substitution of sucrose with other sugar alcohols such as xylitol has been proposed for dental caries prevention as mutans streptococci are unable to metabolise xylitol. A review of the effect of noncariogenic sweeteners on the prevention of dental caries suggests that the replacement of sucrose with sorbitol and xylitol may significantly reduce the incidence of dental caries 25 . Xylitol is often recognised as superior to other sugar alcohols in its anticariogenic properties. A review of studies on the effectiveness of xylitol concluded that the regular use of xylitol is more likely to reduce numbers of mutans streptococci in saliva and plaque than regular use of sorbitol. However, not all studies on the effect of xylitol confirm its mutansreducing effect 26 . A randomised control trial evaluating the impact of xylitol rinse and chewing gum found that levels of mutans streptococci did not significantly reduce 27 . Data from multiple studies support that the administration of xylitol or combined xylitol and sorbitol gums and lozenges several times a day prevents dental caries 26 . However, the claim that xylitol has a dental caries-therapeutic effect or remineralisation properties is not substantiated 26 . Studies of the effectiveness of xylitol in elders are lacking. In response to a call from the National Institutes of Health Consensus Development Conference on Diagnosis and Management of Dental Caries Throughout Life 28 for trials that demonstrate effectiveness of dental caries prevention interventions in adults, the xylitol for adult caries trial (X-ACT) was designed to test the hypothesis that the use of xylitol lozenges will reduce dental caries incidence in caries-active adults. Daily use of xylitol lozenges did not result in a statistically or clinically significant reduction in dental caries in high-risk adults over a 33-month period 29 . More longitudinal, multicentre, placebo-controlled, double-blind, randomised clinical trials are required to determine the effectiveness of xylitol and other dental caries preventive measures.
Casein phosphopeptide-amorphous calcium phosphate
Casein phosphopeptide-amorphous calcium phosphate (CPP-ACP) nanocomplexes have been suggested to have anticariogenic properties. The proposed anticariogenic mechanism of CPP is its ability to localise and stabilise ACP at the tooth surface producing a highly water-soluble calcium phosphate phase. Prevention of enamel demineralisation and promotion of enamel remineralisation occur through the state of supersaturation of calcium and phosphate ions created at the enamel surface 30 . Private practice use and prescription of CPP-ACP paste is common place with U.S. dentists, while the data to support its impact on dental caries remineralisation are lacking.
In an in vitro study evaluating the inhibitory effect of CPP-ACP paste, 1100 and 5000 ppm fluoride pastes, and a combination of fluoride and CPP-ACP paste, the CPP-ACP paste alone did not show any effect on the inhibition of lesion progression 31 . The combination of CPP-ACP paste with 900 ppm fluoride may reduce demineralisation in orthodontic patients 32 . Currently, there is not sufficient scientific evidence of the remineralisation effectiveness of CPP-ACP paste alone. Recommendations for further studies of CPP-ACP method of application (lozenges, chewing gum, paste) in the prevention of demineralisation should include CPP-ACP in combination with fluoride and include longer treatment applications, extended exposure to the oral environment and increased follow-up measurements.
Ozone
Direct application of ozone gas to a carious lesion on the tooth surface has been proposed to reverse, arrest or slow the progression of dental caries. Components of the HealOzone â (CurOzone USA Inc., Aurora, ON, Canada) treatment also include the use of a remineralising solution and oral hygiene products containing fluoride. A systematic review of the effectiveness of ozone for the treatment of occlusal and root caries concluded that there is not yet enough evidence from published randomised control trials from which to judge ozone 33 . It suggested that further studies are required with adequate design, outcome measures and methods for statistical analyses. Concern was raised that ozone may be more expensive than current treatment modalities 33 .
Herbal liquorice
Glycyrrhiza uralensis, commonly known as liquorice root, has been shown to have antibacterial properties 34 . A sugar-free, orange-flavoured herbal lollipop containing the antibacterial compound Glycyrrhiza uralensis has been developed to reduce oral S. mutans levels. The studies involved in the lollipop development demonstrated in adults its safety and effectiveness in reducing bacterial count and percentage over a 10-day period of twice-daily administration 35 . Twice-daily use of herbal liquorice lollipop significantly reduced the number and relative percentage of S. mutans in high-risk children during a 3-week intervention 36 . The results of these studies indicate that further randomised controlled trials are needed to determine the efficacy of the antibacterial properties as well as the impact of bacterial reduction in dental caries prevention. As the liquorice extract did not interfere with the anticariogenic activity of fluoride or xylitol, it should be studied in conjunction with other therapies 35 .
Salivary stimulants and replacement
Xerostomia due to medication intake is common in elders as many have been prescribed multiple medications for medical diagnoses 37 . Reduced salivary flow can exacerbate an elder's high risk for dental caries. Salivary flow can be stimulated with sugarfree candies, gums and mints. Increased fluid intake, particularly water, should be encouraged. Artificial salivary replacements can be applied as gels or sprays 38 . Pilocarpine and cevimeline are secretagogues that can be prescribed to stimulate salivary production; however, the side effects of these medications often preclude their use. Substitution of xerostomic medication or alteration of medication administration can reduce the impact of the medication on the salivary flow 39 .
Discussion
This evaluation of evidence-based interventions for dentate elders considered the evidence for the effectiveness of adjunct therapeutic interventions in the reduction in dental caries. Most of the systematic reviews of these adjunct therapies concluded that, with the exception of fluoride, the current body of evidence is too weak to establish definitive claims of effectiveness. Twetman 20 proposed a need for 'the scientific community to initiate clinical studies to confirm efficacy and safety of non-surgical treatment of dental caries. Not more, but better ones: well-designed, multicentre trials with antibacterial intervention according to a standard protocol in select representative study groups with enough power to ensure firm conclusions'. As clinical trials involving elders is limited, future investigations should focus on this study group.
Although fluoride is effective in dental caries reduction in elders, concerns for its safety preclude patient acceptance and use. The most effective fluoride concentrations require a prescription for administration. However, the requirement for prescription can inhibit the accessibility and affordability of the product. For a prescription medication to be affordable for a patient, it often needs to be included as a covered medication in an insurance plan. In a long-term care facility, a fluoride option often needs to be included in a pharmacy formulary for it to be accessible to the residents, and there can be an increased cost for the administration of medications. Due to its classification as a prescribed medication, family and non-staff caregivers are often prohibited from administering the product.
Conclusion
Research priorities for dental caries prevention must include dentate elders. New strategies for research of the effectiveness of therapies to reduce dental caries include the development and evaluation of combinations of therapeutic interventions 28 and dental caries management by risk assessment 16, 28 . There is need to provide clinical evidence that scientifically based dental caries risk assessment with corresponding aggressive preventive measures (i.e. targeted antibacterial and fluoride therapy based on salivary microbial and fluoride levels) and conservative restorations would result in reduced dental caries increment 16 . To achieve compliance and efficacy, consumer products and homecare procedures need to be developed and become more accessible 20 . Studies in patients at risk for dental caries and vulnerable groups are needed to increase knowledge and self-care practices by communicating preventive health messages and increasing motivation 20 .
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